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TECHNICAL NOTE 3423

METHOD OF CONTROLLING STIFFNESS PROPERTIES OF A
SOLID~CONSTRUCTION MODEL WING

By Norman S. Land and Frank T. Abbott, Jr.
SUMMARY

A simple method is presented for controlling the bending and tor-
sional stiffnesses of a solid-construction model wing. The method consists
of weskening the wing by drilling holes through the wing normsl to the
chord plane, Aerodynamic continuity 1s maintained by £illing the holes
wlth a relatively soft materisl. The lmportant parameters controlling the
stiffnesses are the amount of material removed by drilling, the ratio of
hole diameter to wing thickness, and the plen-form pattern of the holes.
Data are glven which may be used for predicting the stiffness of a model
wing weakened in this manner,

INTRODUCTTION

Many theoretical and experimental investigations of aercelastic
effects are being underteken. It is reedily apparent that, in the experi-
mental Investigations, control of the magnitude and distribution of the
stiffness is very lmportant. One method of controlling the stiffness of
a model wing is to use a built-up construction, the interior members
furnishing most of the stiffness and an outer covering furnishing the
exterior form desired but contributing little to the overall stiffness.
This method 1s difficult to use with smsll models having thin wing sec-
tions. A completely solld construction leads to difficulties in the
gselection of a suiteble material because continmuously varying physical
properties are not readily availsble., Another epproach to the model-
design problem is to use a solid construction with a material that is
too stiff and obtain the overall stiffness desired by local weskening
(grooves, slots, holes, a porous basic material, etc.).

A short investigation was made to determine the important parameters
aend the effect of variastions in these parameters for one method of weak~
ening a solid-construction model wing by drilling holes through the wing
normsl to the chord plane. The specific purpose of the investigation was
to obtaln Informetion for use in designing wings for flubter research
for the lLangley transonic blow-down tunnel; however, the dabte obtained
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may be of use to others engaged in aseroelastic-model investigations. Most
of this investlgation consisted of measurements of stiliffnesses in bending

and torsion obteined on weakened rectangular plates that reserbled wings.

Measurements of the frequencles of the lower natural modes were also

made, Inasmuch as a wing with holes would be unsuitable aerodynamically,

the effect of filling these holes with soft material in order to overcome

this difflculty was 1investligated. . The datea obtained from the plates were

used 1n weskening a model wing and the predicted and measured resulis are

gliven. -

SYMBOLS
ET " bending stiffness, 1b-in.2
G torsional stiffness, 1b-in.2
1 natural bending frequency, cps
Ty natural torsional frequency, cps

TEST SPECIMENS

The geometrical characteristics of the plates involved in this inves~
tigation are completely described by the plate thickmess ratio, the ratio
of hole diameter to plate thickness, the amount of material removed, and
the plan~-form pattern of the holes. The plates used to Investigate the
effects of the first three parameters had a square patterm; that 1s, the
centers of the holes were located at corners of squares, the sildes of
which were parallel to the edges of the plate. A few other patterns with
the same rgtio of hole dlameter to plate thickness and the same plate
thickness ratio were tried. The basic plate size (a drilled area 2 inches
wide, % inch thick, and approximately 6% inches long) was used for con-
venience and its winglike proportions (panel aspect ratio of 3 and thick-
ness ratio of 6.25 percent). The plates were made of aluminum alloy. In
order to determine the effect of plate thickness ratio, & few plates with
other values of thickness ratio (3.40 percent and 9.36 percent) were
tested.

For a given hole pattermn, the primsry parameter governing the struc-
tural characteristics of any drilled plate is the gmount of material
removed. This parameter has been expressed nondimensionally as the ratio
of minimm cross-sectlonal area of remsining metal to the undrilled
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cross-gsectional area. For convenlience, this term has been designsted

as percent of solid cross section. Values of this parameter ranged from
12.5 percent to 100 percent in the test plates. The percent of solid
area of plan form has been included in teble I. Four values of the
ratio of hole dlameter to plate thickness were covered: 0.5, 1.0, 1.5,
and 2.0. All these values were used for the square pattern, and the

1.5 ratio was used for the staggered pattern.

The characteristics of all the test specimens used in the investi-
getion are given in taeble I. Figure 1(a) shows some of the plates that
hed e square pattern, and figure 1(b) shows the plates with staggered
petterns.

PROCEDURE

Each plate was clamped like a cantilever and loaded independently
in bending and torsion as shown in figure 2, The average bending stiff-
ness EI and the average torsional stiffness GJ were calculated from
the resulting load-deflection curves. ’

The natural frequencies of each plate were determined for the lowest
bending and torsional modes. Tn meny cases, the frequencies for the next
higher modes were also measured. These frequencies were determined by
vibrating the plate with an electromsgnetic vibrator driven by an oscil-
lator. Some amblguity msy be present in the interpretation of the fre-~
guencies given for the weskened plates because of the undrilled ares of
the plate at the tip.

RESULTS AND DISCUSSION

Holes Arrenged in Square Patterns

An inspection of the data in figures 3 to 9 reveals that, as might
be expected, the amount of material removed is the varisble having the
greatest effect on stiffuness. The dgbta in figures 3 and 5 also show
that the relstionship between stiffness and material removed is not
linear, Within the range of this investigation, the ratio of hole diam~
eter to plate thickness has a negligible effect on the bending stiffness
(fig. ) s however, this ratio may have a large effect on the torsional
stiffness (figs. 5 and 6). The plate thickness ratio had little or no
effect on ratic of stiffnesses of drilled plates to that of a solid
plate (fig. 7). (The actual test points are shown in figures 6 end 7T
as circles.)
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The ratioc of bending stiffness to torsional stiffness is of much
interest in aercelastic studies, and these data are shown in figure 8.
The ratio of hole diameter to plate thickness is seen to have a large
effect on the ratio of stiffnesses. This ratio of stiffnesses is
reflected in the rstio of measured natural frequencies for the lowest
bending and torsional modes (fig. 9). Plate 3 had two sizes of holes.
The four rows nearest the spanwise center line of the plate had a ratio-
of hole dlameter to plate thickness of 1.0. The remaining four rows
consisted of holes, the diameter of which was 1.5 times the plate thick-
ness, The unequal hole sizes had no significant effect on the stiffness
properties of this plate. o

Inasmuch as & medel wing with holes would be unsultable serodynam-
lcally, the effect of filling and fairing the holes with a relatively
soft material was -dnvestigated with one plate. The holes of plate 8
were filled with soft synthetic rubber, and the plate was redesignated
ag plate 10, This material presumsbly has very low values of tension
and shear stiffnesses as compared with those of aluminum alloy. Table I
shows that the measured stiffnesses of plates 8 and 10 are the same
within the accuracy of these tests. However, the density of this rubber
is approximately half that of aluminum slloy. The natural frequencles
of plate 10 are therefore considerably lower than those of plate 8 because
of the mass of the rubber. Since the effect of the low-stiffness filler
is to add mass only, its effect on the natural frequencies may be
estimated.

Holes Arrasnged in Miscellaneous Patterns

All the plates with holes arranged in a square pabtern had undrilled
strips of metal parallel and perpendicular to the elastic axis of the
plate. One other plate had a hole pattern (plate 12, see fig. 1(b))
resulting in similarly orlented solid metal strips, but the holes were
arranged to form short spanwise slots. The results obtalned from this
plate were not significantly different from those obtained from the
plates with square patterns. (See fig. 4 to 8.)

Plates 6, 7, and 9 (fig. 1(b)) were drilled in patterns that resulted
in solid strips of metal at angles to the elastic axls other than O°
end 90°, Figures 3 to 9 show that the pattern (plate 9) having these
solid strips at 45° to the elastic axis resulted in a plate which, for s
glven amount of metal removed, was relatively much stiffer in torsion
than in bending as compared with the other plates. Plates 6 and 7 show a
gimilar, although much smaller, effect because the hole patterns resulted
in solid metal strips at an angle of 26.5° to the elastic axis. Inasmuch
as the effect of hole pattern was not thoroughly investigated, no defi-
nite design data can be given, but the possible large effect on stiff-
nesges and frequencies of hole pattern is shown.
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Consideration of Same Practical Applications

The data obtained from the plates were used to design an unswept,
tapered, aluminum-alloy wing which would have a torsional stiffness
equal to 20 percent of the undrilled stiffness. This condition limited
the range of bending stiffness from 30 percent to 42 percent of the
solid-stiffness value, depending on the hole diemeter selected for a
square pattern. If bending stiffnesses beyond this range were desired,
an Investigation of different hole patterns would be necessary. This
wing is shown in figure 10 and bas an aspect ratio of k4, a taper ratio
of 0.6, & span of 16.0 inches, and an NACA 65A004 airfoil section. The
ratio of hole diameter to wing thickmess was held to approximately 1.0.
Tnasmuch as number-slze drills were used, neither the percentage of
metal removed nor the ratio of hole dismeter to plate thickness could
be maintained exactly at every spanwise station. Figures 11 and 12 show
the messured stiffnesses of the solid and drilled wings as s function of
spanvwise station. In addition, these figures show a predicted curve for
the drilled wing which was obtalned from the measured data of the solid
wing and the plate data of figures 3 and 5. It would seem, then, that
the date obtained from the pletes can be used with reasonsble accuracy
in the design of actual model wings.

Limited flutter experience indicates that a drillied wing panel is
sometimes less durable than a solid wing panel, Presumably, the lack of
durability in the drilled panel is due to the stress concentrations near
each hole.

One additional difficulty has been encountered in drilling model
wings which were constructed of a compressed plastic-impregnated wood.
When model wings constructed of compressed plastic-impregnated wood were
drilled, the wing surface splintered as the drill point emerged. This
difficulty resulted in stiffnesses below those predicted on the basis of
flat-plate data. No such trouble was noted with metal models,

It should be mentioned that the strain gages used to measure bending
and torsional frequencies gt flutter operated satisfactorily although the
gages spanned the drilled holes.

CONCLUDING REMARKS

A method of controlling the bending and torsional stiffnesses of a
solid-construction model wing was briefly investigated. The method con-
sisted of weakening the wing by drilling holes through the wing normal
to the chord plane. The important variable controlling the properties
of the perforated wing was the amount of metal removed. The effect of
the hole pattern may also be very large. The ratio of hole diemeter to
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plate thickness has an apprecigble effect on the torsional properties
of the drilled wing but only a smell effect on the bending properties.
Plate thickness ratio had no significant effect on the results. The
date obtained from fliat plates can be used successfully in the deslgn of
an actual model wing.

Langley Aeronautical Laboratbry s
National Advisory Commlttee for Aerconautics,
Langley Field, Va., Jamuary 6, 1955.
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CEARACTERIETICS OF TEST SPRECIMENS

TABLE I

Flate

1 2 3 & 5 [ T -] 9 10 1 12 13
Plate thicimess, in. 0.125] 0.125) 0.125 | 0.125| 0.125] 0.128 0,125 | 0.125( oJ2s | 0.125] 0.125] o.25 | 0.2
Plate thickness ratdo, percemt 6.85] 6.25 6.25 | 6.25 | 6.28 £.25 6.25 | 6.2% 6.2% | 6.25 | 6.28 .25 | 6.25
Bole disreter, in, | 0.125 0.1228?;& 0.1875| 0.125 0.187n | 0.1873 | 0.136| 0.1875 | 0.136{0.0625 o0.1875 | 0.12%

0./
Hole dimmeter/plate thicimess ———] l0|loam] 1.5] 1o 1.5 1.5 1.088) 1.3 1.088! @.3 1.5 1.0
1.3
Bole spacing: chordwise, in, — 0.250F 0.250 | 0.250) 0.167| 0.125 0.158 | 0.167] 0.138 | 0.167| 0.083] o.2% | 0.333
spenvise, in. ——] 0,250| 0.2% | 0.2 0.267] 0.250 0316 | 0.167] 0.138 | 0.167] 0.083) 0.1875 | 0.333
and 0.375
Mumber of holes in row: chordwise —] B8 8 8 12 8 60amd | 12 |60 | 12 - 8 €
6.45 6.45

spamsise ——] 25 25 25 38 = 1 38 |19 am 20] 38 b 27 18

Solid cross section, percent 00 | % 375 25 F->] 25 39.6 | 18.% .2 |18k} 25 25 62.5
Solid plan-~farm mrea, percent 100 | So.% 68.1 | ¥5.8 | 56.0 55.8 T2.3 | *.9 T | R | B 55.8 | 88.9
Hole pattern Xova |Square| Squere |Squere |Squars|Steggered |Staggered|Square|Staggered|Square]Square |Staggered |Squere
Berding stiffuess, EI, 1b-in.2 3,287 1,983| 1,673 | 1,193} 1,085| 1,080 1,75 880 38 81T | L,137] 1,138 | 2,620
Torsionel stiffness, GF, 1b-in.2 k,920| 3,070 2,232 | 1,285] 996 | 1,600 2,800 610 | 1,397 63| 2| 1,200 | 3,90
Stiffress ratio, EL/GT 0.668| 0.656] 0.T50 | 0.920| 1.089] 0,675 0.618 | L.hB3) 0.273 | LAk3] 1.m2] 0.948 | 0.672
Sol1d bending stiffness, percemt 100 | 60.3 0.9 | 3.3 | 33.0 32.8 =,T | 26.8 11.6 | 26.8 | 4.6 3.6 | T9.7T
Bolid torsiooal stiffress, percenmt 100 | 62 Wb | 261 [r20.2 32.5 56.9 | 1ok 288 | 124 | 153 ch | 9.3

beniing mode, fy,, cpe & | 1= 68 68 66 6L ] ] 1 8.5 | € 60 8

Second. bending =ole, fy, ops 50 | k82 168 o | 0 %05 5 koo 30k 30 | ke 3% 525
Third bending mode, f,,s, cps m— 1,1801 1,1h0) 2,120 1,200 | 1,120 &0 930 | 1,180 1,090 | 1,20
*b torsionel mole, fg, cps 50 | k| w3 3T ) W7 o 05 298] 222 | 306 | 380 =65
Second taraional uole, 1o, cpe — 1,2h0| 1,120 1,000 1,38 &30 | 1,030 1,220 | 1,70
Ratio of petural frequencies, ﬂ,:ij,h 0.139] 0.151| 0.135 | 0.1m3| 0.190] o.3ke 0.137 | 0.201] 0.091 o.m.ai 0.196] 0.158 | 0,1k2
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TABLE I - Conoluded

CHARACTERISTICS OF IEST SFEOIMENS

Plate thiciness, in. 0.125| 0.125! 0.125| 0.125] 0,125( 0.125] c.125[ 0.125] 0.125] 0.068|0.1875(0.1875( 0.065
Plate thiciness ratic, percent 625 | 6.25 )| 6.25 )| 6.28 ) 6,25 ]| 6,25 | 6.25 | 6.25 | 6.25 | 3.0 | 937 | 9.37 | 3.25
Hole diemeter, in. 0.128] 0.125| 0.250{ o.2%0] 0.2%0| 0.2%0| 0.270]0.0625]0.06250.0625(0.1875 ————
Hole dfsmeter/plate thickness Lo| 20| 20 2.0 2.0 2.0 2.0} 0.5 0.5 ] 1.088] 1.0 |-eeoe] oemee
Hole spacing: chardwise, im. 0.200] 0.143] 0.333( 0.667| 0.700] 0.400| 0.286) 0,167] 0.100| 0.083] 0.250 |-mumuc| mecmm
spanvise, in. 0.200] 0.143) 0,333 0.667| 0.%00[ 0.400| 0.286| 0.167| 0.100| 0.083| 0.2%0 —
Husber of holes in rowi choxrdwise 16 b1 3 6 5 4 5 T 12 20 23 8 ——
spranriss 30 k2 18 9 i2 15 21 38 ] 76 25 —
80118 cxoes mecticm, percent F75{ 125 25 | 65| % | 3151 125 | €25 | 375 | 25.0 | 25.0 | 100 | W00
golid plan-form ares, percent 69.3 { bo.0 | 5.7 | 89.0 | 80k | 69.3 | 4o,0 | 89.0 | 89.3 | 55.5 | 5.6 | o0 | 100
Eolé pattern Square| Bquare |Square [Square|Squsre |Equare | Square |Sq) Square |8q: Bquare | Nobe | Rone
Bending stiffness, EI, 1b-in.2 1,565] €21 [ 1,13%) e,%00] 2,205| 1,7%2| 696 | 2,5%0 1,548] 174 | 3,920 [11,100| Sko
Torsiomal stiffoass, GJ, Ibwin.2 1,960f 222 | 1,530] »,220] 5,620| 2,610| M1 | 3,800| 1,667] 146 | 35,390[26,650] 8%
gtiffness ratio, EI/GY 0,798 2.79Ti 0.T5%( 0.992| 0.609| 0.667| L.65%( 0.668] 0.929{ 1.18%| 1.156| 0.659( 0.651
Sol4d bending atiffness, percent 47.6 | 18,9 | 35.1 | 76.0 | 67.1 | 53.0 | 2t.2 | 7.3 | k7.2 [ 32,1 | 35.3 | 100
Sol4d torsiooal stiffness, perosat [ 39.8 | k.51 | 3131 [ 85.8 | 3.6 [ 55.0 [ 835 | T2 | 33.9 17.6 | 20.1 | w0 | 100
First bending mode, ‘h:L' cps ™ | %3 | P kil m|. T 56 & T P35 | %5 | 126 | kk
Second bending mode; T, cps M8 | 368 | 25| M5 | 5| ko | 5 m5 | Wo | 21| &0 | T80 | 278
Third bending meds, fhs’ aps 1,260( 1,050{ 1,190 1,580.1,369 1,270| 1,080( 1,520| 1,216 2,500 &0
First torsicmal mode, £ , ops w2 | 193 | k32| s60 | 0} sor | 261 | 50| ko [ i | sas | 8O | 09
Sscand torsiomal mode, £, cps 400 90 | 1,560 1,720 1,690f 1,560] @90 | z,700| 1,3%0 |~~—wnut 1,670] 2,680] 960

Ratio of matural frequencies, rhl/rﬁl 0.155) 0.279] 0.162] 0.135] 0.1k0} 0.1k2| 0.22k | 0.15] 0,163 0.298] 0.180| 0.148] 0.1k2




2B
NACA TN 3423

9

ceconn |
Prrrr I X XXILIILIR - -

00000089

000000

000000000009
ity

» ik -
e en0000

r; o

]
el P

[ v

1-823458.1
- (a) Specimens with square patterns.

Figure l.- Examples of test specimens.
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(b) Specimens with staggered patterns. L=83L57«

Figure 1.~ Concluded.
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Figure T.- Effect of plate thickness ratlo on torsional and bending
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